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1. Participants R/V Poseidon Cruise 319 
 
Name Domain Institution 
 
Ruhland, Götz Marine Geology MARUM 
 (Chief Scientist) 
Dehning, Klaus Technician MARUM 
Klar, Steffen Technician DOLAN MARUM 
Kopiske, Eberhard Technician DOLAN MARUM 
Köster, Jana Jorina Marine Geology MARUM 
Möhlmann, Marc Technician MARUM 
Villagarcia, Marimar, Dr. Marine Chemistry ICCM 
Barrera, Carlos Marine Chemistry ICCM 
Martinez Garcia, Vivian Marine Chemistry ICCM 
Wynar, John Basil Marine Technician SOC 




MARUM Zentrum für Marine Umweltwissenschaften der Uniersität Bremen, Leobener Str, 
28359 Bremen, Germany 
 
ICCM Instituto Canario de Ciencias Marinas, Apto. Correos 55, 35200 Telde de Gran 
 Canaria, Spain 
 
SOC Southampton Oceanography Centre, University of Southampton, Waterfront 
Campus, Southampton, SO 14 3ZH, United Kingdom 
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2. Research Objectives 
The upwelling area off NW-Africa is one of the most important upwelling systems of the 
global ocean influenced by high amounts of Sahara dust which is transporting nutrients into 
the ocean and the processes of the biological carbon pump system. Hence, they are controlling 
factors of the global atmospheric CO2 budget. Despite the main driving force for climatic 
variability is located in the North-Atlantic, the upwelling area off NW-Africa is suitable to 
reconstruct the past climatic variability, via observation of present in-situ environmental 
datasets.  
The research topics were carried out in correlation with the following projects: 
 
2.1 MERSEA (Marine EnviRonment and Security for the European Area – 
Integrated Projekt) 
The main task will concentrate on the MERSEA EU project, which is closely linked to the 
ANIMATE EU project, secluded in November 2004, and the DOLAN EU project, secluded in 
April 2004. The main aim of MERSEA will be the management of data, and their 
conditioning for scientific users.  
 The participating institutions during R/V POSEIDON cruise 319, MARUM, ICCM and 
SOC, are involved in work package 3. They will ensure the availability of real time and 
delayed-mode, and regional in-situ data and products in the form required by the MERSEA 
modelling, data assimilation and validation systems. The activities are partly research and 
development, innovation, and partly demonstration. The served research sites, continued from 
ANIMATE and DOLAN, are DOLAN/ESTOC (Canary Islands), PAP (Porcupine Abyssal 
Plain) and CIS (Central Irminger Sea). The main task during POS 319 cruise will be the work 
on the DOLAN site. The DOLAN station is located 25 nm west of ESTOC and comprises 
technical devices for transmission of scientific data sets via satellite into the internet and 
research institutes.  
 
2.2 RAPID (Monitoring the Atlantic Meridional Overturning Circulation at 
26.5°N) 
Another goal of the POSEIDON cruise will be the work at the EB-2 site. It is located 60 nm 
south of Gran Canaria and a part of the RAPID program. Main task of the RAPID program is 
“to establish a pre-operational prototype system to continuously observe the strength and 
structure of the Atlantic meridional overturning circulation (MOC)”. The MOC is commonly 
defined as the zonally integrated meridional flow, as a function of latitude and depth. While 
parts of the MOC are wind-driven, the basin-scale Atlantic MOC is largely buoyancy-forced. 
Hence, observing the Atlantic MOC is the fundamental observational requirement of a 
program aiming to assess the role of the Atlantic thermohaline circulation (THC) in rapid 
climate change. The basic observational strategy relies on a combination of moored arrays 
(temperature, salinity, currents, and pressure), real time data transmission, hydrographic lines, 
satellite observations (sea level, winds), the opportunistic use of float data, cable 
measurements (Florida Strait transport), and modelling to synthesize the observations. The 
starting point lies in applying geostrophy: Geostrophic mass transport between any two points 
depends only on the pressure difference between these points; to estimate the MOC thus 




A tla n tic  O c e a n
would require the continuous observation of density at eastern and western boundaries, plus 
the establishment of a reference level. Over the past year, we have performed design studies 
to test our strategy; in particular, we have successfully tested our proposed antenna in two 
high-resolution models.  
 In 2004 22 moorings were deployed: 9 across the eastern boundary, 4 across the Mid-
Atlantic Ridge, and 9 across the Deep Western Boundary Current. The moorings consist of a 
combination of fixed point CTDs, current meters, bottom pressure recorders and profiling 
instruments. The array will be recovered and redeployed on an annual basis until 2008 
(4 years of continuous observation 2004-2008).  
 
3. Narrative of the Cruise 
R/V Poseidon left the port of Las Palmas on December 10th with heading to DOLAN position.  
 On the way scientific work started with one rosette cast down to 2000 m water depth. At  
8:00 pm R/V POSEIDON reached the DOLAN position. Till noon the DOLAN surface buoy 
(SBU) was recovered successfully and changed against a dummy buoyancy. Afterwards R/V 
POSEIDON steamed on to the ANIMATE ACI-4 position. During the afternoon this mooring 
array was recovered without problems. Then R/V POSEIDON left the ANIMATE ACI-4 
position with heading to the EB2 location. The scientific work for that day finished with a 






















Figure 1:  Cruise track R/V POSEIDON cruise 319.  
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At 10:45 pm on December 11th R/V POSEIDON reached the EB-2 position. It was assumed 
that the mooring was broken, some weeks after deployment. It was tried to contact the 
releaser to ensure that the mooring was still on its position, without any result. At noon on 
the same day the new EB-2 mooring was deployed successfully. In the evening an acoustic 
link was established to the releasers of the EB-3 mooring which ensured the mooring was 
still on its position. R/V POSEIDON left this area with heading to the area north of the 
Canaries. During the night six multinet casts, each down to 400 m water depth, were 
lowered.  
 The next two days, five CTD/Rosette stations had been run on a transect between Tenerife 
and Gran Canaria., each down to 2000 m water depth. The scientific work on December 13th 
was continued with another rosette cast, located at ESTOC position for the routine monthly 
water sampling. It was run down to 3650 m water depth. In the afternoon the deployment of 
the MSD mooring followed. During the next day the calibration casts for the sensors of the 
DOLAN mooring took place. The first cast was used for calibration of the MicroCats and the 
reference samples. At the second cast the fluorometer had been calibrated. Due to bad weather 
conditions R/V POSEIDON spent the next hours in the shelter of the island of Tenerife. With 
respect to the advertisement of getting worse weather, the decision was made to steam onto 
the DOLAN position and attempt to deploy the SBU buoy. That was managed successfully 
during the afternoon on December 15th. At 17:00h the scientific work had been finished and 
R/V POSEIDON steamed back to Las Palmas harbour. All station work could be completed 
as planned. 
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4. Scientific Report 
4.1 Equipment Development and Tests 
4.1.1 DOLAN Surface Buoy (SBU) 
The Surface Buoy Unit (SBU) operates since 1997 and was formerly part of the DOMEST 
project. The unit serves for the development of satellite based telemetry technologies. 
 
On December 10th the DOLAN SBU, 
which is located at 29°10,40`N and 
15°55,30`W at a water depth of 3630 m, 
was recovered. The last routine 
maintenance had been carried out during 
R/V POSEIDON cruise 310 in April 
2004. The telemetry of pCO2 readings 
from the SAMI sensor had shown that 
this sensor was no longer measuring 
correct values. Due to this fact a second 
SAMI sensor and a MicroCat CTD had 
been mounted on the buoy on an 
additional cruise in October 2004. 
 
 






During R/V POSEIDON cruise 319 the 
DOLAN SBU was recovered for 
maintenance and for a new configuration of 
the electronical SBU part, as well as 
integration of additional components into 
the SBU. Additionally the attached sensors 
were maintained or exchanged, which 
includes the SAMI, one MicroCat, an 
acoustic transducer, one nutrient analyser 






Figure 3:  Recovered SBU.  
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Status of DOLAN before maintenance  
Some of the systems on the DOLAN buoy stopped working after some weeks. The analysis of 
the problems showed that the 24V power supply was not working any longer. The systems on 
the 12V power supply were still working.  
 The reason for the malfunction was a water ingress in one of the telemetry boxes. This 
leads to a short circuit on the 24V power supply and burned one satellite transceiver. The fuse 
prevented the battery from damage but the 24V system was not operational any more.  
 Some of the sensors had been damaged and have been deinstalled for repair in Bremen 
while others could have been repaired on the cruise.  
The analysis of the nutrient sensor data showed that the sensor did not work during the 
deployment. In a test it could be seen that the connection of the 100m cable to the telemetry 































Figure 4:  Configuration of the DOLAN Buoy.  
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A Change in the Electrical Architecture 
DOLAN Power supply  
Due to problems with the power supply during the last deployment phase, some modifications 
have been implemented. The power supply consists of a 12V system for low power 
applications and a 24V system for units with a higher power consumption. 
 The 12V system is charged by 40W 12V solar panels. The 24V system has also 40W of 
solar panels and one windgenerator (100W). That means that the DOLIX computer with the 
Iridium telemetry and the ORCA modem are connected to the 24V system.  
 The concept for the fuses has been updated due to the fact that the charging devices (wind 
and solar) do not regulate the voltage if no battery is present.  
 The ANIMATE telemetry is connected to the 12V power supply. The Inmarsat Mini-C 
tracking system has its own 15V primary battery.  
 
The DOLIX computer system 
The development of a new telemetry computer “DOLIX” has been continued during this 
cruise. The first test of the DOLIX on the cruise POS 310 showed a sophisticated power 
management system is necessary. The Pentium like PC104 computer consumes approx. 12W 
of power while the resources of solar and wind energy are limited. A special microcontroller-
based computer has been developed and implemented in order to switch on only the devices 
needed at the moment. This supervisor computer will also control the correct function of the 
different units (including DOLIX) and switch them off in case of a malfunction.  
 
ANIMATE Telemetry with SAMI and MICROCAT 
The ANIMATE telemetry has been maintained and redeployed without a change in 
configuration.  
 
ANIMATE II Telemetry with nutrientsensor and fluorometer 
The ANIMATE II telemetry has not been activated, because it was not possible to get the 
sensor data via the 100m cable. The nutrient sensor has been stopped by the cable and the 
fluorometer data could not be transmitted with an acceptable rate of errors. The wind sensor 
and compass has been deinstalled for maintenance. 
 The main difference to the old system was the mounting of all electronic boards in an box 
on deck of the buoy. Only the heavy batteries and the charge regulators and fuses for the 
batteries are still in the body of the buoy. This will enable the maintenance of the electronics 
without removing all cables inside the buoy. All sensors are connected to this box.  



























Figure 6:  New buoy 
design.  
 
The operational sensors are the following ones: 
Online in the telemetry: 
• SAMI CO2 sensor  
• MicroCat at 10 m water depth  
• Inmarsat Mini-C with GPS for position reporting  
Offline, storing data:  
• Nutrient Analyser at 100 m water depth  
• Fluorometer at 100 m water depth  
• 6 Microcats from 20 m to 150 m water depth  
• ADCP at 150 m water depth  
During the last hours before the redeployment of the buoy an failure of the power switch 
board occurred. All tries to reconfigure the DOLIX system without the board during the 
deployment failed due to the lack of time. 
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Tasks for the next cruise 
On the next cruise in March 2005 with R/V POSEIDON the power switch board has to be 
repaired and the wind sensor with the compass shall be connected to the DOLIX system. 
Some improvements in order to make the DOLIX / Power switch system tolerant against 
failures have to be implemented. 
 Also a converter (RS232 to RS422) to connect the nutrient sensor and the fluorometer on 
the 100 m cable has to be developed and tested.  
 
The DOLAN SBU was redeployed on December 15th with several new sensors, which were 
installed before in the ANIMATE ACI-4 mooring array. That comprises six MicroCats and 
the ADCP. All new sensors were mounted on mooring bars to be able to attach them into the 





















Figure 8:  Nutrient 
analyser 
and  
 fluorometer  












Figure 10:  Redeployment of the 
  DOLAN SBU.  











































Figure 11:  Drawing of the DOLAN-SBU.  
10 m Chain
2 x 1m Chain (2-fach Hahnepod)
2x 1,5 m Chain (2-fach Hahnepod)
Anchor (2 x 4, ca. 2,7 t)
20 m Meteor-Rope (20 mm)
20 m (20 mm)Meteor-Rope 
6 Spheres (orange)  
MODEM frame
(ex. DOBS)
500 m (20 mm)Meteor-Rope 
10 m Chain (20 mm)
       (2 x bundle)
(Remarks)
6 ( ) Spheres orange
2 ( ) Spheres orange
Releaser AR 661









2 x 500 m (20 mm)Meteor-Rope 
1 x 500 m 20 mm)Meteor-Rope (
2 x 500 m (20 mm)Meteor-Rope 
Mooring:   DOLAN SBU (Surface Buoy)   
Position 29°10,3’N; 015°55,0’W
     buoy released 29°11,81’N 015°55.01’W
Auslösecodes  #523: I/R    
                                  Rel    
                         #478: I/R     
                                  Rel    
Cruise:      POS 319
Waterdepth:        3630 m
Date:   15.12.2004
Area:          Canary Islands / 25 nm west of ESTOC
2 x 500 m (20 mm)Meteor-Rope 





Depth (m)                         Device
8m Chain(20 mm)





diameter  2.4 m
height      4.0 m




HobiLabs H2S # 2020340
NAS Nutrient-Analyzer 
MicroCat  # 1287 / CT
SAMI CO2
Flasher, Yellow
Group 5, alle 20 sec.
Firdell Radar Reflektor (210/7) 
ADCP workhorse + F45
upward
Microcat IM-2802
50 m (20 mm)Meteor-Rope 
20 m (20 mm)Meteor-Rope 
Microcat IM-P2713
20 m (20 mm)Meteor-Rope 
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Depth (m)                         Device / Rope
10 m chain
20 m 1/4” steel ropel
20 m 1/4” steel rope
20 m 1/4” steel rope
500 m 3/16” steel rope
500 m 3/16” steel rope
500 m 3/16” steel rope
490 m 3/16” steel rope
MC IM 2802 #6
MC-IM 2261 #4
MC IM 2801#7






Workhorse + F45 upward
40 m 1/4” steel rope
500 m 3/16” steel rope





Swivel  1,5 t
Swivel  1,5 t








 #  477





















Mooring: ACI-4 (ANIMATE Canary Islands) Position: 29°09,50’N  015°50,10’W
Codes               # 477  I/R    - 5847    
                                    Rel    - 5848   
                         # 524  I/R     - 8A67  
                                    Rel    - 8A68
8 spheres 
Sediment trap MSD Bremen 
20 m 1/4” steel rope
20 m 1/4” steel rope
Cruise: POS 310
Area: N’ Canary Islands
Waterdepth:    3625 m
Date: 23.04.2004
Remarks
4.1.2 ACI-4 (ANIMATE, Canary Islands) 
This study site is located 60 nm north of Gran Canaria in about 3600 m water depth. The 
mooring was deployed during the R/V POSEIDON cruise 310, on April 23th 2004. 
 Till November 2004 this mooring site was involved in the ANIMATE EU project. With 
respect to its end, the ACI mooring was closed down during POSEIDON cruise 319. The 
attached devices were partly integrated in the DOLAN mooring, and are now part of the 
MERSEA EU project.  
 The research site included the ARGOS telemetry buoy, 8 MicroCats, a floatation sphere 



































Figure 12:  Design of the ANIMATE mooring ACI-4.  
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  29°30'   29°30'













On December 10th the ACI-4 mooring was recovered. The ARGOS telemetry buoy was three 
weeks before ripped off by a ship’s propeller. During the previous cruise POSEIDON 318/b 
the telemetry was picked up. Fig. 14 shows the drifting track of the ARGOS telemetry buoy, 




































Figure 14:  Drifting track of the ARGOS telemetry buoy.  
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4.1.3 EB-2 (RAPID) 
This research site is located on 26.892°N and 16.234°W in a water depth of 3532 m. The 
mooring array was deployed on Febuary 28th. On 18th September EB-2 was trawled, the 
surface parts of the mooring being recovered from DISCOVERY on 27th September. During 
POSEIDON cruise 319 it was planned to recover, if possible, parts of the lost mooring array, 
but contact to the releasers could not be established in spite of several efforts. It can be 





































Figure 15:  Layout of the new EB-2 morring array.  
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The new EB-2 was deployed on 
December 11th at 26°50,11’N 
16°13,00’W in a water depth of 
3506 m. The configuration is shown 





























Figure 17: Preparing the RCM 11 for 
deployment.  
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4.2 Particle Collection with Sediment Traps 
The particulate material collected will be analysed to determine total flux, particulate flux, 
particulate organic carbon, particulate nitrogen, biogenic opal, carbonate and stable isotopes 
of organic matter, and lithogenic material. The trapped material also will be investigated for 
species composition of the planktonic organisms (pteropods, foraminifera, coccolithophorides 
and diatoms). The objective of these studies is to identify signals of seasonal variations in 
those components, which play an important role in the sediment formation process. The result 
of these investigations will form a basis for the reconstruction of paleo-current systems and 
paleoproduction from the sediments.  
 
4.2.1 ACI-4 
On December 10th the mooring ACI-4 was recovered. This array included the MSD particle 
trap. The MSD trap consists of two sample devices, which delivered only 


















Figure 18:  Recovered MSD particle trap. 
 
4.2.2 DOLAN-MSD 
This mooring array was deployed on December 13th at 29°12,12’N 12°50,12’W in a water 
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Table 1:  Mooring data for recoveries and redeployments during R/V POSEIDON cruise 296.  
 
Mooring  Position  Water Interval Instr. Depth Intervals 
    depth     





MSD 3  29°10,40`N  3630 16.04.2002 MSD 3050 1 x 10, 39 x 9






MSD 4  29°12,12`N  3626 16.12.2004 MSD 3050 41 x 7,5
  15°50,12`W   11.10.2005     
 
Instruments used: 
MSD  = Multi sensor device,  KUM, Kiel 
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4.3 Marine Chemistry 
Along R/V POSEIDON cruise 319 the ICCM had to place a nitrate sensor in the 
MERSEA/ESTOC mooring, that for the first time will transmit the data in near real time. At 
the same time it was necessary to collect the biogeochemical monthly samples at the ESTOC 
station (European Station for Time series in the Ocean Canary islands), which belongs to a 
continuously monitoring, done since 1994. Calibration casts with CTD/Rosette were also 
made to accomplish the requirements of the sensors being recovered/deployed. Further 
stations were made to check the intermediate waters in the passage between Tenerife and 
Gran Canaria. The idea was to track the presence of the Antarctic Intermediate Water 
(AAIW). There is a great controversy whether the AAIW will be present in the north of the 
archipelago due to the circulation through the passages between the different islands. 
 





























Figure 19: Position of the CTD stations (crosses) made along R/V POSEIDON cruise 319. 
 
At the beginning of the cruise the DOLAN/ANIMATE mooring had to be recovered, hence a 
rosette/CTD cast to 1000m was made in order to have a calibration of the chemical sensors 
before their recovery (st. #1). After the DOLAN mooring with the chemical sensors from 
ANIMATE was recovered, a transect was started between the islands of Tenerife and Gran 
Canaria to search for the Antarctic Intermediate Water in that passage that ended up at 
ESTOC (st. #2-7). Finally st. #8 and 8bis were made to calibrate the microcats and 
fluorometer previous to the next deployment of the DOLAN/ANIMATE mooring. 
 
A total of nine sampling rosette-CTD casts (see Table 2) have been done and a CTD/Rosette 
Seabird Plus unit with 24 bottles was used: one test station already mentioned (#1) to 1000m, 
five stations between Tenerife and Gran Canaria to 2000m (#2-6), the ESTOC station 
(Estación de Series Temporales Oceánicas de Canarias) to 3609m (#7) and two calibration 
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stations taken only to 500 m of water depth due to the fluorometer depth restrictions, in order 
to calibrate eight microcats and a fluorometer.  
 Finally, the nitrate sensor was exchanged, collecting #2264 and deploying #2624. The 
NAS-3X nitrate sensor collected was prepared for getting nitrate data in near real time; 
however, there was a problem and the telemetry stopped the macro with the sensor from 
working, hence no data would be available for the mooring period using the telemetry. 
Because this problem couldn’t be solved on board, the nitrate sensor was put into data 
recording mode without any link to the telemetry.  
 Physical (CTD, salinity) and biochemical (oxygen, nutrients, chlorophyll) parameters were 
measured in order to characterize the water masses present in the water column (Table 1). 
Some of the parameters (oxygen, chlorophyll filtration) were analysed on board after 
sampling, and others were taken frozen to the ICCM (nutrients and filters from chlorophyll).  
 
Table 2: List of stations sampled along the cruise P319, Las Palmas-DOLAN-ANIMATE-DOLAN-
Las Palmas (0=oxygen, I= isotopes, N=nutrients, S=salinity, C=chlorophyll “a”, INCID = 
incidences). 
 











O       I       N       S      C           INCID       
10.12. 1,001 3624 29º09.74’ 15º47.94’  Test cast by DOLAN mooring, for 
chemical pack calibration before 
recovery 
     1000 √ √ √ √     
    1000         
     800 √ √ √      
     800         
     600 √  √      
     400 √ √ √      
     300 √  √      
     200 √ √ √  √    
     150 √ √ √  √    
     125 √ √ √  √    
     100 √ √ √  √    
     100         
     90 √  √ √ √    
     90         
     80 √  √  √    
     80         
     70 √  √  √    
     70         
     55 √ √ √  √    
     55         
     40 √  √  √    
     25 √ √ √ √ √    
     10 √ √ √  √    
     10         
12.12. 2,001 2521 27º55.00’ 16º18.00’ 2000 √   √ √    
     2000  √       
     1800 √  √      
     1500 √  √      
     1300 √  √      
     1200 √ √ √      
     1100 √  √      
     1000 √  √      
     800 √  √      
     800  √       
     600 √  √      
     400 √ √ √      
     300 √  √ √     
     200 √ √ √  √    
     150 √ √ √  √    
     125 √  √  √    
     125         
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Table 2: continued 
 











O       I       N       S      C           INCID       
12.12. 2,001 2521 27º55.00’ 16º18.00’ 100 √ √ √  √    
     75 √  √  √    
     50 √ √ √  √    
     25         
     25 √ √ √ √ √    
     10 √  √  √    
     10  √       
12.12. 3,001 2274 28º08.00 16º09.00 2000 √ √ √ √     
     2000         
     1800 √  √      
     1500 √  √      
     1300 √  √      
     1200 √ √ √      
     1100 √  √      
     1000 √  √      
     800 √ √ √      
     800         
     600 √  √      
     400 √ √ √      
     300 √  √ √     
     200 √ √ √  √    
     150 √ √ √  √    
     125 √  √  √    
     125         
     100 √ √ √  √    
     75 √  √  √    
     50 √  √  √    
     25  √       
     25 √  √ √ √    
     10 √  √  √    
     10  √       
12:12. 4,001 2815 28º20.00’ 16º00.00’ 2000 √ √ √ √     
     2000         
     1800 √  √      
     1500 √  √      
     1300 √  √      
     1200 √ √ √      
     1100 √  √      
     1000 √  √      
     800 √ √ √      
     800         
     600 √  √      
     400 √ √ √      
     300 √  √ √     
     200 √ √ √  √    
     150 √ √ √  √    
     125 √  √  √    
     125         
     100 √ √ √  √    
     75 √  √  √    
     50 √  √  √    
     25  √       
     25 √  √ √ √    
     10 √ √ √  √    
     10         
12.12. 5,001 3426 28º32.00’ 15º50.00’ 2000 √ √ √ √     
     2000         
     1800 √  √      
     1500 √  √      
     1300 √  √      
     1200 √ √ √      
     1100 √  √      
     1000 √  √      
     800 √ √ √      
     800         
     600 √  √      
     400 √ √ √      
     300 √  √ √     
     200 √ √ √  √    
     150 √ √ √  √    
     125 √  √  √    
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Table 2: continued 
 











O       I       N       S      C           INCID       
     125         
     100 √ √ √  √    
     75 √  √  √    
     50 √  √  √    
     25  √       
     25 √  √ √ √    
     10 √ √ √  √    
     10         
12.12. 6,001 3592 28º44.00’ 15º40.00’ 2000 √ √ √ √     
     2000         
     1800 √  √      
     1500 √  √      
     1300 √  √      
     1200 √ √ √      
     1100 √  √      
     1000 √  √      
     800 √ √ √      
     800         
     600 √  √      
     400 √ √ √      
     300 √  √ √     
     200 √ √ √  √    
     150 √ √ √  √    
     125 √  √  √    
     125         
     100 √ √ √  √    
     75 √  √  √    
     50 √  √  √    
     25  √       
     25 √  √ √ √    
     10 √ √ √  √    
     10         
13.12. 7,001 3609 29º10.32’ 15º55.63’ 3650 √ √ √ √     
 ESTOC    3500 √  √ √     
     3000 √  √ √     
     2800 √  √ √     
     2500 √  √ √     
     2000 √ √ √ √     
     1800 √  √ √     
     1500 √  √ √     
     1300 √ √ √ √     
     1200 √  √ √     
     1100 √  √ √     
     1000 √  √ √     
     800 √ √ √ √     
     600 √  √ √     
     400 √ √ √ √     
     300 √  √ √     
     200 √ √ √ √ √    
     150 √ √ √ √ √    
     125 √  √ √ √    
     100 √ √ √ √ √    
     75 √  √ √ √    
     50 √ √ √ √ √    
     25 √ √ √ √ √    
     10 √ √ √ √ √    
14.12. 8,001 2270 28º17.00’ 16º06.00’ 500 √  √ √  
 Microcats calibration ,8 units 200 √  √  √ 
     150 √  √  √ 
     125 √  √  √ 
     100 √  √  √ 
     90 √  √ √ √ 
     80 √  √  √ 
     70 √  √  √ 
     55 √  √  √ 
     40 √  √ √ √ 
     25 √  √  √ 
     10 √  √  √ 
Nutrient 
tubes taken 
for SOC and 
ICCM,  
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Table 2: continued 
 











O       I       N       S      C           INCID       
14.12. 8bis,001 2312 28º17.00’ 16º07.00’ 500     √ 
 Fluorometer calibration 200 √  √  √ 
     150 √  √  √ 
     125 √  √  √ 
     100 √  √  √ 
     90 √  √ √ √ 
     80 √  √  √ 
     70 √  √  √ 
     55 √  √  √ 
     40 √  √ √ √ 
     25 √  √  √ 
This station 






     10 √  √  √    
 
 
4.3.1  Water Sampling and Analysis 
The samples of all depth levels were collected immediately after the Niskin bottles were on 
board. The sampling sequence was carried out as follows: 
 
 Oxygen 
Oxygen was taken in glass bottles of about 125 ml of volume which were previously cleaned 
and washed with HCl acid and was fixed at once; then it was kept for at least six hours 
according to WOCE regulations and finally it was analysed at the laboratory on board the 
ship. The samples were analysed using the method described in the WOCE Operations 
Manual, WHP Office Report No. 68/91; the final titration point was detected using a 
Metrohm 665 Dosimat Oxygen Auto-Titrator Analyser. 
 
 Nutrients 
Nutrients were taken in polypropylene bottles which were previously cleaned and washed 
with HCl acid and were completely dry. Samples were immediately frozen at -20°C, 
analysing them as soon as possible after arrival at the laboratory. Freezing the samples is a 
common practice; it does not or only in a non-significant way affects the nitrate/nitrite and the 
phosphate values (by a slight decrease) and is not noticeable in the silicate values (Kremling 
and Wenck, 1986; McDonald and McLunghlin, 1982).  
Salinity samples were taken in dark glass bottles which were previously cleaned and washed 
with HCl acid. Then, they were kept in boxes to protect them from light till analysis on land.  
The nutrients determination was performed with a segmented continuous-flow autoanalyser, a 
Skalar® San Plus System (ICCM). 
 
 Nitrate and Nitrite 
The automated procedure for the determination of nitrate and nitrite is based on the cadmium 
reduction method; the sample is passed through a column containing granulated copper-
cadmium to reduce the nitrate to nitrite (Wood et al.,1967), using ammonium chloride as pH 
controller and complexer of the cadmium cations formed (Strickland and Parsons, 1972). The 
optimal column preparation conditions are described by several authors (Nydahl, 1976; 
Garside, 1993). 
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 Phosphate 
Orthophosphate concentration is understood as the concentration of reactive phosphate (Riley 
and Skirpow, 1975) and according to Koroleff (1983a) is a synonym of “dissolved inorganic 
phosphate”. The automated procedure for the determination of phosphate is based on the 
following reaction: ammonium molybdate and potassium antimony tartrate react in an acidic 
medium with diluted solution of phosphate to form an antimony-phospho-molybdate 
complex. This complex is reduced to an intensely blue-coloured complex, ascorbic acid. The 
complex is measured at 880nm. The basic methodology for this anion determination is given 
by Murphy and Riley (1962); the used methodology is the one adapted by Strickland and 
Parsons (1972).  
 
 Silicate 
The determination of the soluble silicon compounds in natural waters is based on the 
formation of the yellow coloured silicomolybdic acid; the sample is acidified and mixed with 
an ammonium molybdate solution forming molybdosilicic acid. This acid is reduced with 
ascorbic acid to a blue dye, which is measured at 810nm. Oxalic acid is added to avoid 
phosphate interference. The used method is described in Koroleff (1983b). 
 
 Phytoplankton pigments 
Pigments were measured using fluorimetric analysis, following the methodology described by 




Samples were measured with a salinometer, model Autosal 8400a, whose measurement range 
was between 0.005-42 (psu), with an accuracy of ±0.003, according to the manufacturer. It 
was calibrated following the manufacturer´s information and standarizing it with IAPSO 




Chlorophyll: samples of one liter of water were taken. The chlorophyll samples were filtered 
immediately and the filters were frozen subsequently at -20°C. Their analysis takes place at 
the ICCM laboratory in land. 
  
All samples were taken using the procedures established in the WOCE Operations Manual, 
WHP Office Report WHPO 91-1/WOCE Report No.68/91. 
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4.3.2  Preliminary Results 
The diagrams T/S shown in Figure 1 (to the left) confirm that the surface values for 
temperature and salinity tend to be aligned with those which represent the NACW (North 
Atlantic Central Water) segment. The values correspond to the expected ones for this area on 
this time of the year. 
 Looking at the depths range which corresponds to the intermediate waters, it is observed 
that the values corresponding to the salinity relative maxima are always below 35.5 units of 
salinity; this salinity is considered as the limit to recognize the presence of Mediterranean 




















Figure 20: T/S (left) and oxygen (right) preliminary results from CTD/rosette stations made along 
 R/V POSEIDON cruise 319. 
 
However, if one look at the series of T / S diagrams from south to north (st. #2- #7), it is 
inferred that the relative maxima have a tendency towards higher salinities and temperatures, 
which clearly points out the influence of the Mediterranean Water. In parallel, the relative 
minimum shows a tendency in the same direction for the T/S diagram, indicating the obvious 
attenuation of the Antarctic Intermediate Water (AAIW), which it is also reflected in the 
oxygen concentration increases at 800 m depth (Figure 20, right). 
 The complexity of the mixing process in these water masses is also signalled by the 
variability of the temperature, salinity and oxygen values found between the relative maxima 
and minima for each diagram T/S or for the oxygen minimum. It is possible that is not only the 
complexity of the fronts among these water masses but also some effects derived from their 
channeling between Tenerife and Gran Canaria islands. 
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4.3.3  Stable Nitrogen and Carbon Isotopes of Marine Particles 
4.3.3.1 Introduction 
The origin of organic matter may be characterized by its chemical composition. Especially the 
stable nitrogen isotopes allow valuable insights into the production and degradation history of 
organic particles. Low values of the stable nitrogen isotope ratio δ15N and high concentration 
of organic nitrogen and carbon are expected of material generated in an upwelling system. 
Higher δ15N values are typical of organic matter produced in oligotrophic systems. In 
addition, degradation of organic matter causes an enrichment of δ15N. In this study, the stable 
nitrogen isotope ratio as well as the carbon isotope ratio of particulate (mainly suspended) 
material will be determined and compared to the organic chemistry of fast sinking material 
sampled by particle traps. To get a better compendium of the isotopic composition of the 
different water masses influencing the particle trap sample isotope compositions, sea surface 
samples were also taken for nitrogen and carbon isotope measurements.  
 
4.3.3.2 Methods 
 Vertical profiles (Rosette) 
Water from selected depths, reaching from 10 m to near the sea floor, was sampled on certain 
rosette stations for analysis of δ15N and δ13C of particulate material.  
 
 Sea surface samples  
The water was sampled with the surface water pumping system, taking water five meters 
below the ship for analysis of δ15N and δ13C of particulate material (Tab. 4).  
For the rosette samples as well as the sea surface samples, 5 l of seawater from each depth 
and site were filtrated onto precombusted GGF-filters. The filters were dried at 60°C to 
inhibite chemical and biological reactions, which could have an influence on the isotope 
ratios. δ15N and δ13C will be measured using a Finnigan mass spectrometer. For the analysis 
the filters will be divided into halves, for one decalcified and one non decalcified series of 
measurements.  
 
4.3.3.3 First Results  
 Vertical profiles (rosette) 
Assuming that the colour of the filters is an indicator of the particle concentration, first results 
can be seen based solely on the optical impression of the filters. As observable in the volumes 
at some stations it was impossible to filtrate 5 l of seawater at each depth, due to the fact that 
the filters get plugged after fewer litres. The particle concentration was highest in depths 
between 50 m and 200 m at each station.  
 Additional information will be expected by comparison of salinity and temperature data 
from the sea surface, and from each depth of CTD measurements (Tab. 3).  
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Table 3: Rosette sample sites used for isotope measurements. 
 
GeoB-
No. date Longitude Latitude sample water volume °C S (PSU) 
    (W) (N) depth (m)  depth (m) (l)     
9101 10.12.2004 15°47 29°09 1000 3624 3,95 8,31 35,408 
    800  2,4 8,99 35,347 
    400  2,2 12,65 35,728 
    200  2,45 15,7 36,176 
    150  4 16,75 36,377 
    125  5 17,44 36,472 
    100  4,1 18,3 36,588 
    55  3,95 21,02 36,839 
    25   21,03 36,842 
    10   21,03 36,842 
9115 12.12.2004 16°18 27°55 2000 2521 4,6 4,2 35,097 
    1200  5 7,4 35,359 
    800  4,6 9,14 35,369 
    400  5 12,76 35,729 
    200  4,2 15,9 36,222 
    150  4 17,54 36,523 
    100  4,6 19,11 36,662 
    50  4,8 21,03 36,817 
    25  4,9 21,03 36,819 
    10  5 21,02 36,818 
9117 12.12.2004 16°00 28°20 2000 2811 5 4,66 35,165 
    1200  5 7,45 35,4 
    800  5 9,34 35,413 
    400  5 12,33 35,689 
    200  5 14,96 36,091 
    150  5 16,88 36,518 
    100  4,4 19,42 36,645 
    50  5 20,79 36,82 
    25  5 20,8 36,822 
    10  5 20,8 36,821 
9120 13.12.2004 15°30 29°10 2000 3606 5 4,51 35,011 
    1200  5 7,75 35,451 
    800  5 9,04 35,339 
    400  5 12,89 35,762 
    200  5 15,78 36,203 
    150  4,8 16,93 36,398 
    100  5 18,1 36,574 
    50  2,5 21,11 36,893 
    25  4,4 21,11 36,893 
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1 10.12.2004 12:51 29°11,132 15°50,130 3628 5 24°955 36°607 
2 10.12.2004 19:23 29°06,753 15°49,274 3623 5 25°432 36°640 
3 10.12.2004 22:13 28°41.076 15°55,433 3694 5 25°141 36,694 
4 11.12.2004 00:12 28:23,9 15°58,306 2717 5 24,82 36°690 
5 11.12.2004 03:05 28°00,990 16°02,449 1989 5 24,508 36,654 
6 11.12.2004 06:43 27°27,142 16°08,296 2098 5 24,139 36,688 
7 11.12.2004 07:45 27°18,309 16°09,771 3469 5 24,07 36°690 
8 11.12.2004 09:02 27°07,424 16°11,777 3496 5 23,999 36,688 
9 11.12.2004 10:38 26°54,335 16°13,873 3514 5 23,796 36,692 
10 12.12.2004 13:55 28°20,057 16°17,872 2814 5 23,539 36,689 
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4.3.4 Plankton Sampling Using a Multiple Closing Net 
4.3.4.1 Methods 
Plankton was sampled with a multiple closing net (Fa. HYDROBIOS, with 0.25 m2 sample 
area, 64 µm mesh size). It was used for vertical profiles at 6 sites during POSEIDON cruise 
319. Each station comprised depth intervals from 400-200 m, 200-100 m, 100-50 m, 50-10 m 
and 10-0 m. All samples will be used for CHN and δ15N and δ13C measurements.  
The water samples were carefully rinsed with filtrated seawater into KAUTEX bottles, 
fixed with mercury chloride for the inhibition of bacterial activity, and stored at 4°C.  
 
Table 5: Multiple closing net sample sites. 
 
GeoB-No. depth date Longitude Latitude water 
  (m)   (W) (N) depth (m) 
9109 0-10 11.12. 16° 13'54" 26° 58'48" 3498 
  10-50     
  50-100     
  100-200     
  200-400     
9110 0-10 11.12. 16° 15'4" 27° 11'1" 3496 
  10-50     
  50-100     
  100-200     
  200-400     
9111 0-10 11.12. 16° 15'56" 27° 20'59" 3499 
  10-50     
  50-100     
  100-200     
  200-400     
9112 0-10 12.12. 16° 16'50" 27° 31'47" 3479 
  10-50     
  50-100     
  100-200     
  200-400     
9113 0-10 12.12. 16° 17'54" 27° 41'54" 3260 
  10-50     
  50-100     
  100-200     
  200-400     
9114 0-10 12.12. 16° 18'0" 27° 55'0" 2519 
  10-50     
  50-100     
  100-200        
  200-400        
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2004 Description LAT LONG 
WD 
[ m ] Remarks 
 10.12. Commence of scientific research program   
9101 10.12. CTD/Rosette  29° 9'30" N 15° 48'0" W 3624  
9102 10.12. SAMI recovered 29° 12'14" N 15° 55'10" W 3629 Recovery DOLAN SBU 
  SAMI recovered 29° 12'1" N 15° 55'5" W 3631  
  Nutrient Sensor recovered 29° 12'0" N 15° 55'1" W 3631  
  DOLAN Dummy deployed 29° 12'3" N 15° 54'59" W 3631  
  DOLAN SBU recovered 29° 12'1" N 15° 54'58" W 3631  
9103 10.12. Flotation sphere a.D. 29° 10'12" N 15° 49'22" W 3625 Recovery ANIMATE 
  MicroCat recovered 29° 10'16" N 15° 42'14" W 3625  
  8 spheres recovered 29° 10'16" N 15° 42'14" W 3625  
  MicroCat recovered 29° 10'16" N 15° 42'14" W 3625  
  MicroCat recovered 29° 10'16" N 15° 42'14" W 3625  
  MicroCat recovered 29° 10'12" N 15° 49'22" W 3625  
  MicroCat recovered 29° 10'16" N 15° 42'14" W 3625  
  6 spheres recovered 29° 10'16" N 15° 42'14" W 3625  
  2 spheres recovered 29° 10'16" N 15° 42'14" W 3625  
  2 spheres recovered 29° 10'16" N 15° 42'14" W 3625  
  2 spheres recovered 29° 10'54" N 15° 48'42" W n.a.  
  MSD recovered 29° 11'0" N 15° 48'30" W n.a. upside down 
  4 spheres recovered 29° 11'0" N 15° 48'30" W n.a. upside down 
  8 spheres recovered 29° 11'0" N 15° 48'30" W n.a. upside down 
  4 spheres recovered 29° 11'6" N 15° 48'30" W n.a.  
  6 spheres recovered 29° 11'6" N 15° 48'30" W n.a.  
  releaser recovered 29° 11'12" N 15° 48'30" W n.a. ACI 4 recovered 
9104 10.12. calibration cast EB 2 sensors  29° 11'24" N 15° 48'6" W 3625 
sensors mounted on 
rosette frame 
9105 11.12. releaser test 26° 54'12" N 16° 13'56" W 3520  
9106 11.12. EB-2 search 26° 53'47" N 16° 13'57" W 3511  
9107 11.12. Sphere+ ARGOS deployed 26° 52'3" N 16° 11'17" W 3501 Deployment EB-2 
  SBE 37 CTD deployed 26° 51'59" N 16° 11'19" W 3500  
  RCM/ CTD deployed 26° 51'57" N 16° 11'23" W 3501  
  SBE 37 CTD deployed 26° 51'47" N 16° 11'25" W 3501  
  RCM/ CTD deployed 26° 51'37" N 16° 11'37" W 3503  
  SBE 37 CTD deployed 26° 51'29" N 16° 11'49" W 3506  
  RCM/ CTD deployed 26° 51'22" N 16° 11'2" W 3510  
  SBE 37 CTD deployed 26° 51'8" N 16° 12'25" W 3506  
  S 4 AD deployed 26° 51'0" N 16° 12'42" W 3505  
  SBE 37 CTD deployed 26° 50'48" N 16° 13'0" W 3473  
  releaser deployed 26° 50'12" N 16° 14'18" W 3512  
  anchor weight deployed 26° 50'11" N 16° 14'21" W 3506  




2004 Description LAT LONG 
WD 
[ m ] Remarks 
  topbuoy submerged 26° 50'27" N 16° 13'29" W 3506  
9108 11.12. hydrophon to water 26° 59'30" N 16° 13'54" W 3500  
9109 11.12. Multinet 26° 58'48" N 16° 13'54" W 3498  
9110 11.12. Multinet 27° 11'1" N 16° 15'4" W 3496  
9111 11.12. Multinet 27° 20'59" N 16° 15'56" W 3499  
9112 12.12. Multinet 27° 31'47" N 16° 16'50" W 3479  
9113 12.12. Multinet 27° 41'54" N 16° 17'54" W 3260  
9114 12.12. Multinet 27° 55'0" N 16° 18'0" W 2519  
9115 12.12. CTD/Rosette 27° 55'0" N 16° 18'0" W 2519  
9116 12.12. CTD/Rosette 28° 8'4" N 16° 9'2" W 2276  
9117 12.12. CTD/Rosette 28° 20'4" N 15° 59'59" W 2816  
9118 12.12. CTD/Rosette 28° 32'6" N 15° 50'0" W 3418  
9119 12.12. CTD/Rosette 28° 43'54" N 15° 40'5" W 3587  
9120 13.12. CTD/Rosette 29° 11'55" N 15° 25'29" W 3603  
9121 13.12. anchor weight deployed 29° 10'55" N 15° 50'12" W 3546  
  releaser deployed 29° 11'0" N 15° 50'12" W 3546  
  6 spheres deployed 29° 11'4" N 15° 50'13" W 3546  
  MSD deployed 29° 11'13" N 15° 50'13" W 3546  
  10 spheres deployed 29° 11'18" N 15° 50'13" W 3546 Deployment MSD 
  releaser deployed 29° 11'41" N 15° 50'7" W 3546  
  Releaser No. Recovered 29° 12'12" N 15° 50'12" W 3626  
9122 14.12. CTD/Ro/MC   28° 17'46" N 16° 6'16" W 2276  
9123 14.12. Arrival on Station   28° 17'48" N 16° 6'14" W 2413  
  CTD/Ro/MC 28° 17'51" N 16° 6'17" W 2413  
9124 15.12. DOLAN SBU 29° 12'6" N 15° 55'4" W 3633  
  dummy buoyancy recovered 29° 12'2" N 15° 55'5" W 3633  
  ADCP deployed 29° 11'57" N 15° 55'3" W 3664  




  MC deployed 29° 11'54" N 15° 55'1" W 3664  
  MC deployed 29° 11'54" N 15° 55'0" W 3664  
  MC deployed 29° 11'59" N 15° 54'59" W 3664  
  transducer / MC deployed 29° 11'52" N 15° 54'59" W 3664  
  SAMI / MC analyser deployed 29° 11'52" N 15° 54'57" W 3664  
  DOLAN- SBU deployed 29° 11'49" N 15° 55'1" W 3664  
 15.12. End of scientific research program   
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